Objective: To assess the immediate and longer-term effects of the use of hormonal contraception on the progression of HIV-1 disease in postpartum women.
Introduction
Several epidemiological studies have assessed the relationship between hormonal contraceptive (HC) use and the acquisition of HIV-1, but little is known about the influence HC use may have on HIV-1 pathogenesis [1, 2] . Given that HCs are used by over 100 million women worldwide, and that globally in 2005 approximately 18 million women were living with HIV-1 infection, it is imperative to understand whether HCs affect HIV-1 disease progression [3, 4] .
One study examining the use of HC at the time of HIV-1 infection showed that the use of depot medroxyprogesterone acetate (DMPA) or oral contraceptive pills (OCP) appeared to increase the risk of acquiring multiple HIV-1 variants, with resultant accelerated HIV-1 disease progression among DMPA users [5, 6] . In that case, however, the effect of HCs use on viral load seemed to be caused by the effect of HC on the acquisition of a diverse virus population. Therefore, it remains unclear whether HCs have any direct effect when used during chronic infection. Another study assessing the short-term use of HCs found an increase in cervical shedding of HIV-1 in HC users, but no significant difference in systemic levels of virus [7] . Finally, a large longitudinal study found no difference in the change in HIV-1-RNA plasma viral load over time, and a slight increase in the CD4 cell count over time among HC users compared with women not using HCs [8] .
We conducted a prospective cohort study of HIV-1infected postpartum women in Nairobi, Kenya. The primary aim of this study is to examine correlates of HIV-1 disease progression among postpartum African women. In the present analysis, we describe the relationship between HC use and HIV-1 disease progression in the first 24 months postpartum.
Methods

Study population and procedures
Between October 2000 and June 2005 pregnant HIV-1 seropositive women were referred to the study clinic at Kenyatta National Hospital and enrolled in the prospective cohort study as previously described [9] . After obtaining written informed consent, a standardized questionnaire was used to collect information on history, including contraceptive use. Women received shortcourse zidovudine to reduce the risk of HIV-1 transmission to the baby [10] . At approximately 32 weeks' gestation, blood was collected for T-cell subset analyses and HIV-1-RNA levels. At delivery, blood was collected for HIV-1-RNA levels.
Women attended monthly clinic visits in the first year after delivery and quarterly visits in the second year postpartum. At these visits, information on contraceptive use, breastfeeding, and intercurrent illnesses was obtained. Women interested in obtaining hormonal contraception were referred to Nairobi City Council Clinics for contraceptive counselling and management. Blood was collected for T-cell subset analyses and HIV-1-RNA levels at months 1, 3, 6, 9, 12, 18 and 24 postpartum, and women with severe immunosuppression (CD4 cell count < 200 cells/ml) were provided with cotrimoxazole prophylaxis and referred to HIV-1 treatment programmes providing antiretroviral therapy. Women received iron and multivitamin supplementation in the first 6 months postpartum.
Laboratory procedures
Lymphocyte differential counts and CD4 and CD8 cell percentages were conducted using a FACScan flow cytometer (Becton Dickinson, Mountain View, California, USA). Plasma HIV-1 RNA was quantified using the Gen-Probe HIV-1 virus load assay [11] .
Statistical analysis
Statistical analyses were performed using SPSS 12.0 for Windows (SPSS, Inc., Chicago, Illinois, USA) or S-PLUS 2000 (Insightful Corporation, Seattle, Washington, USA). Women were censored at the initiation of antiretroviral treatment. Analysis of the immediate effect of HC use was performed using the independent samples t-test, Pearson's chi-square test, and linear regression controlling for importantpotentialconfounding variables.The patterns of log 10 HIV-1 plasma RNA load and CD4 cell count over time were assessed using Loess curves and multivariate linear mixed effects models with an autoregressive 1 correlation structure controlling for baseline levels of the outcome of interest, gravidity, marital status, and breastfeeding status. Women were included in analyses regardless of contraceptive switching. Washout periods to allow for hormone levels to wash out when women switched off of HC were not used because they had very minor effects on the final results.
Results
Of 319 women enrolled in the study, 283 women had viral load, CD4 cell count and contraceptive data after one month postpartum and were included in the analysis of the longer-term effects of HC. Twenty-two women were censored at the time of initiation of antiretroviral treatment (median of 19 months postpartum). The analysis of the immediate effects of HC included 193 women with a visit between one and 6 months postpartum, who did not use HCs or switched from not using HCs to using them. There were no significant differences in the baseline plasma viral load and CD4 cell count between the women excluded from the analysis of immediate effects and the women included.
Immediate effect of hormonal contraceptive use on HIV-1 disease status To assess the immediate effect of the initiation of HC use on HIV-1 disease status, women were classified into three categories on the basis of their contraceptive use status at the first two visits that were more than one month postpartum (to remove the effects of prenatal zidovudine treatment). These categories were: (i) non-hormonal users: women who reported no HC use at both of these visits (n ¼ 109); (ii) DMPA users: women who reported no HC use at their first visit, and initiated the use of DMPA before their second visit (n ¼ 41); and (iii) OCP users: women who reported no HC use at their first visit, and initiated the use of OCP before their second visit (n ¼ 43). Women who initiated HCs were similar to women in the non-hormonal group in terms of age, education, and gravidity, but tended to be more likely to be married (Table 1) .
Women who initiated OCP use had a first visit that was significantly earlier (P ¼ 0.001), and a significantly lower log 10 HIV-1-RNA plasma viral load at their first visit (P ¼ 0.03) and at their second visit (P ¼ 0.002) compared with women in the non-hormonal group (Table 1) . There was no significant difference in the change in the log 10 HIV-1-RNA plasma viral load per quarter of follow-up (P ¼ 0.2), or in the change in CD4 cell count per quarter of follow-up (P ¼ 1.3) between women initiating OCP use and women in the non-hormonal group, indicating no significant immediate effect of OCP initiation on HIV-1 disease status (Table 1) . Controlling for potential confounding variables in a multivariate model did not alter these results ( Table 1 , footnote).
Women who initiated DMPA use were similar to women in the non-hormonal group, with the exception of having a first visit that was significantly earlier (P ¼ 0.02, Table 1 ). There was no significant difference in the change in the log 10 HIV-1-RNA plasma viral load per quarter of follow-up (P ¼ 0.8), or in the change in CD4 cell count per quarter of follow-up (P ¼ 0.7) between women initiating DMPA use and women in the non-hormonal group, indicating no significant immediate effect of DMPA initiation on HIV-1 disease status (Table 1) . Controlling for potential confounding variables in a multivariate model did not alter these results ( Table 1 , footnote) and results for the change over time in viral load and the change over time in CD4 cell count were similar when DMPA and OCP users were combined into one group (data not shown).
Longer-term effect of hormonal contraceptive use on HIV-1 disease status
The median time of the initiation of OCP and DMPA in the cohort was 3.26 months postpartum [interquartile range (IQR) 2.13, 6.11] and 4.20 months postpartum (IQR 2.10, 7.43), respectively. To assess the longer-term effect of HC use on HIV-1 disease status, analyses were Figure 1 shows the changes in log 10 plasma HIV-1-RNA and CD4 T-cell counts over time for OCP, DMPA and non-hormonal use. Using linear mixed effects models, there was no significant difference in the levels of plasma HIV-1 RNA at the baseline visit (approximately 3 months postpartum) in women currently exposed to OCP or DMPA compared with non-hormonal users (P ¼ 0.3 and P ¼ 0.9, respectively). In addition, there was no difference in the change over time up to 24 months postpartum in plasma HIV-1 RNA during DMPA use compared with non-hormonal use (P ¼ 0.7), even after controlling for potential confounding variables (P ¼ 1.0). There was, however, a trend for plasma HIV-1 RNA to increase faster over time up to 24 months postpartum during OCP use compared with non-hormonal use (0.015 versus 0.002 log 10 copies per month, P ¼ 0.08). This relationship was still not statistically significant after controlling for potential confounding variables (P ¼ 0.1). Similar models indicated no differences in baseline (approximately 3 months postpartum) levels of CD4 T-cell counts during OCP and DMPA use compared with non-hormonal use (P ¼ 0.2 and P ¼ 0.2), and no differences in the change in CD4 T-cell counts over time during OCP use, after controlling for potential confounding variables (P ¼ 0.9). There was, however, a trend for a slower decrease in CD4 cell counts in DMPA users that was still not statistically significant after controlling for potential confounding variables (À1.69 versus À4.53 cells/month, P ¼ 0.08).
Discussion
Effective contraceptive choices for HIV-infected women are essential to decrease mother-to-child transmission of HIV-1 through the prevention of unintended pregnancies, and to reduce the incidence of morbidity and mortality associated with pregnancy in HIV-infected women [12] . Comprehensive family planning counselling for HIV-infected women, however, requires knowledge regarding the potential health effects of using various contraceptive methods [13] . This study adds to that knowledge by finding no significant immediate or longer-term effects of OCP or DMPA use on plasma HIV-1-RNA levels or on CD4 T-cell counts in a cohort of HIV-infected postpartum women.
Hormonal contraception could influence HIV-1 disease progression by altering the host immune system and vulnerability to the virus or through direct effects on the virus itself [14] [15] [16] [17] . We assessed both of these potential mechanisms by looking at changes in both HIV-1-RNA levels and CD4 T-cell counts, which have been shown to be good surrogate markers of HIV-1 disease progression [18] . This is the first study in Africa to assess the relationship between HC use and disease progression in postpartum women. Our results are similar to those found in both a study of the short-term effects of hormonal contraception conducted in a cohort of HIV-infected Kenyan women, and a cohort study looking at longer-term effects conducted in a general population of HIV-infected women in the United States [7, 8] .
The strengths of our study include the frequent measurement of exposure to HC and disease progression markers, and the extended follow-up of women, allowing assessment of both immediate and longer-term effects.
Limitations include the fact that the study was not randomized so that bias could be induced by women selfselecting contraceptive methods, and the small number of women who initiated HC in the analysis of immediate effects, which may have limited power. In addition, the generalizability of these results may be limited to the population of postnatal HIV-infected women with well-preserved CD4 cell counts.
The prevention of mother-to-child transmission treatment programmes are a key entry point for women in Africa to learn of their HIV infection status, to initiate family planning methods, and to be counselled about condom use and the idea of dual protection to prevent subsequent pregnancies. Effective contraceptive counselling in this large specific group requires an understanding of the effects of contraceptive methods on the health of HIV-infected women. Hormonal contraception, a highly effective family planning method, reassuringly has no immediate or longer-term effects on the rate of disease progression in HIV-infected postpartum women. The study was approved by the University of Nairobi Ethical Review Committee and the University of Washington Institutional Review Board, and all women provided informed consent. Human experimentation guidelines of the University of Nairobi and University of Washington were followed in the conduct of the clinical research.
